The flavor changing t → c l 
Introduction
The top quark has a large mass and therefore it breaks the SU(2) × U(1) symmetry maximally.
Richness of the decay products stimulates one to study its decays to test the standard model (SM) and to get some clues about the new physics, beyond. The rare decays of the top quark have been studied in the literature, in the framework of the SM and beyond [1] - [10] ; the oneloop flavor changing transitions t → cg(γ, Z) in [4, 7] , t → cV (V V ) in [5] and t → cH 0 in [2, 7, 8, 9, 10] .
These decays are strongly suppressed in the SM and the predicted values of the branching ratio (BR) of the process t → cg(γ, Z) is 4 × 10 −11 (5 × 10 −13 , 1.3 × 10 −13 ) [2] , the BR for t → cH 0 is at the order of the magnitude of 10 −14 −10 −13 , in the SM [8] . These prediction are so small that it is not possible to measure them even at the highest luminosity accelerators. This forces one to go beyond the SM and study these rare decays in the framework of new physics.
t → cH 0 decay has been studied in the general two Higgs doublet model (model III) [10] and it has been found that the BR of this process could reach to the values of order 10 −6 , playing with the free parameters of the model III, respecting the existing experimental restrictions. This is a strong enhancement, almost seven orders larger compared to the one in the SM.
The present work is devoted to the analysis of the flavor changing (FC) t → c (l In the tree level, the BR of the t → c (l
2 ) decay for l 1 = τ and l 2 = µ is predicted as 10 −8 − 10 −7 . We also calculate the one loop effects related with the interactions due to the internal mediating charged Higgs boson (see Fig. 1 : b,c,d) and observe that their contribution to the BR is negligible, namely 10 −11 − 10 −10 .
The paper is organized as follows: In Section 2, we present the BR of the decay t → c (l
in the framework of model III. Section 3 is devoted to discussion and our conclusions.
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where and ξ E ij have in general complex entries. It is possible to collect SM particles in the first doublet and new particles in the second one by choosing the parametrization for φ 1 and φ 2 as
with the vacuum expectation values,
and considering the gauge and CP invariant Higgs potential which spontaneously breaks SU(2) × U(1) down to U(1) as:
with constants c i , i = 1, ..., 7. Here, H 1 and H 2 are the mass eigenstates h 0 and A 0 respectively, since no mixing occurs between two CP-even neutral bosons H 0 and h 0 in the tree level, for our choice.
The Flavor Changing (FC) interaction can be obtained as
where the couplings ξ U,D for the FC charged interactions are
and ξ
U,D N
is defined by the expression
Here the index "N" in ξ U,D N denotes the word "neutral". Notice that, in the following, we replace
where "N" denotes the word "neutral" and defineξ
In the model III, the t → c l For completeness, we also take the one loop contributions into account (see Fig. 1 ) and, we use the onshell renormalization scheme to get rid of the existing divergences. The method is to obtain the renormalized t → ch
by using
and the counter term
where Γ h 0 0 is the bare vertex function. Here, we take the loop diagrams (see Fig. 1 ) including 
where 13) and they read
where
with
Finally, the differential decay width (dDW) dΓ ds (t → c (l
) is obtained by using the expression
where λ is:
. Here the parameter s is restricted into the region
. Notice that we use the parametrization
| e iθ l 1 l 2 for the leptonic part, in the numerical calculations.
Discussion
This section is devoted to the analyses of the differential BR (dBR) and the BR of the process t → c (l 
µν (see [11] and references therein), in the region 0.257 ≤ |C ef f 7 | ≤ 0.439. Here upper and lower limits were calculated using the CLEO measurement [12] BR(B → X s γ) = (3.15 ± 0.35 ± 0.32) 10
and all possible uncertainities in the calculation of C ef f 7 [11] . The above restriction ensures to get upper and lower limits for ξ D N,bb , ξ U N,tt and also for ξ U N,tc (see [11] for details). In our numerical calculations we choose the upper limit for C in the leptonic part are restricted by using the experimental results, such as, anomalous magnetic moment of muon, dipole moments of leptons, rare leptonic decays. For l 1 = τ and l 2 = µ, we take the upper limit obtained by using experimental result of anomalous magnetic moment of muon [13] . For l 1 = τ and l 2 = e, we use the numerical result obtained for the couplings ξ E N,τ e in [14] , based on the experimental measurement of the leptonic process µ → eγ [15] . The total decay widths of h 0 and A 0 are unknown parameters and we expect that they are at the same order of magnitude of Γ Notice that, we take the value of the total decay width Γ T ∼ Γ(t → bW ) as Γ T = 1.55 GeV and choose the numerical values m h 0 = 80 GeV and m A 0 = 90 GeV , for the calculation of the BR.
In Fig. 2 , we plot the dBR for the t → c (τ In Fig. 4 , we plot the dBR with respect to s, for |ξ obtained in [14] , based on the experimental measurement of the leptonic process µ → eγ. For the outgoing µ and e leptons, we believe that the BR is extremely small, too difficult to be measured.
At this stage we would like to summarize our results:
• The BR of the flavor changing process t → c (l
is forbidden in the SM and the extended Higgs sector can bring considerable contribution to the BR in the tree level, at the order of the magnitude of 10 −8 − 10 −7 , for l 1 = τ and l 1 = µ. A measurement of such a BR will be highly non-trivial due to efficiency problems in measuring the τ -lepton and in identifying a c-quark jet. Moreover, one will have to overcome the problem of isolating the signal from possibly large reducible background by applying clever kinematical cuts which will further degrade the signal. However, the possible enhancement of the BR of the given process in the model III forces one to search new models to get a measurable BR theoretically. The BR is sensitive to Yukawa coupling ξ E N,l 1 l 2 and, respecting the experimental limits on the relevant couplings, this results in extremely smaller BR's of t → c (l
, for l 1 = τ, l 2 = e and l 1 = µ, l 2 = e, compared to the one for l 1 = τ, l 2 = µ. Notice that the loop effects are negligibly small. Therefore, the future theoretical and experimental investigations of the process t → c (l 
